Since 1987, only a few neuroanatomical studies have been conducted to identify the origin of innervation for the immune system. These studies demonstrated that all primary and secondary immune organs receive a substantial sympathetic innervation from sympathetic postganglionic neurons. Neither the thymus nor spleen receive any sensory neural innervation; however, there is evidence that lymph nodes and bone marrow may be innervated by sensory neurons located in dorsal root ganglia. There is no neuroanatomical evidence for a parasympathetic or vagal nerve supply to any immune organ. Thus, the primary pathway for the neural regulation of immune function is provided by the sympathetic nervous system (SNS) and its main neurotransmitter, norepinephrine (NE). Activation of the SNS primarily inhibits the activity of cells associated with the innate immune system, while it either enhances or inhibits the activity of cells associated with the acquired/adaptive immune system. Innate immune cells express both alpha and beta-adrenergic receptor subtypes, while T and B lymphocytes express adrenergic receptors of the beta2 subtype exclusively, except for murine Th2 cells that lack expression of any subtype. Via these adrenergic receptors, NE is able to regulate the level of immune cell activity by initiating a change in the level of cellular activity, which often involves a change in the level of gene expression for cytokines and antibodies.
Introduction
Prior to 1987, Felten and colleagues provided the initial descriptions of the catecholamine innervation of the thymus and spleen in mice, and subsequently extended their analysis to include other species, as well as lymph nodes, bone marrow and gut (Felten et al., 1985) . In addition to the neurovascular innervation of all immune organs by catecholamine fibers and terminals, non-vascular innervation was demonstrated and indicated that nerves were located in juxtaposition to the cellular mediators of both innate and adaptive immunity. Identification of the neuroanatomical origin of the innervation of immune organs had also begun. For example, using retrograde neuroanatomical tract-tracing techniques, Bulloch and Moore (1981) reported a major parasympathetic and motor neuron input to the thymus gland that originated from both the retrofacial nucleus (compact formation of the nucleus ambiguous) in the brain stem and ventral horn motor neurons in the upper cervical spinal cord. Utilizing microdissection techniques and histochemical procedures, they subsequently identified a sympathetic input to the thymus from the upper cervical sympathetic chain ganglia (Bulloch and Pomerantz, 1984) . However, they stated that branches of the vagus, phrenic and recurrent laryngeal nerves provided a substantial cholinergic (acetylcholinesterase, AChE) input to the thymus, which supported their earlier retrograde tracing results (Bulloch and Moore, 1981) . Since it was unlikely that brainstem nuclei and spinal cord motor
